Water quality parameters were measured in Acı Lake. The measurements were carried out in water samples taken from five different stations over ten months. According to the results of the analyses done on the samples of water, without taking into consideration the differences of seasons and stations, the average annual values of heavy metal concentrations for Cr, Cu and Ni were found to be 0.10 mg/l, 0.11 mg/l and 0.19 mg/l dry weight, respectively. Surprisingly, Co and Cd metals were not detected at any station or at any season. Other water quality parameters, namely pH, turbidity and nitrate, fall in the intermediate value range for these measures. The comparisons of the measured parameters and the metal concentration with the water quality index show that the water quality of Acı Lake prevents the water being used as irrigation water due to high salt levels.
INTRODUCTION
In many respects, water is one of the most important molecules in the world (Gleick, 1993) . Conservation, usage and management of water supplies are therefore extremely important. After tropical jungles, wetlands are the second most important habitat for biological production and biodiversity conservation (Brinson et al., 1981; De Groot et al., 2006; Bănăduc et al., 2016) . Especially, drought influence on soil moisture content cause a diminishment in wetlands and finally result in wetland loss, leading to disruption of ecological properties and processes, and a decrease in biodiversity (Poons et al., 2008; Wang et al., 2016) . Not only global warming and climate change but also insensitive and uncontrolled industrialization as well as pollution and over-use of water are all causes of wetland loss. (Keddy, 1983) Intense activity in the industrial and agriculture sectors in Turkey and elsewhere has inevitably led to increases in the levels of heavy metals in natural waters (Karadede et al., 2004) . Fish and plants may accumulate large amounts of some metals from water. Accumulation patterns of contaminants in fish and other aquatic organisms depend both on up take and elimination rates (Hakanson, 1984 ; Karadede et al., 2000) . For these reasons, it is important to determine the concentrations of heavy metals in commercial fish in order to evaluate the possible risk of fish consumption for human health (Cid et al., 2001) .
The aim of this study is to explore the reasons for the deterioration of the natural resources around Acı Lake, Turkey, and especially to explore thoroughly the reasons for the decrease of the water level of the lake. Acı Lake, which is volcanic-based and a salty water source, is an important habitat for birds and other creatures. Thus, through this study, some important precautions will be determined to protect Acı Lake, which is classified as one of the most important geological sites and accepted to be an important wetland in the region.
MATERIAL AND METHODS

Study site
Acı Lake (Figs. 1A-C), which is our research area, is 108 km north east of the regional capital, Konya and eight km north east of Karapınar, close to the Adana Highway (Fig. 1A) . Acı Lake is 200 m deep. The source of the lake is rain and groundwater sources. Water from Acı Lake contains sulfur salts, giving it a salty and bitter taste. Acı Lake is one of the deepest lakes in the area, and is closest to Konya.
Water sampling method
In this case study, to determine the level of pollution and the quality of the water in Acı Lake, during the years of 2005-2006, monthly water samples (Fig. 2 ) of the lake were taken. The study was conducted in four different stations chosen from Acı Lake, to take the water samples. Samples were taken once a month.
In the previously determined station areas, nearly five m distant from the shore, water samples were taken and put into 500 ml plastic bottles. HNO 3 in the proportion of 65% were added to the samples that had been taken (Cataldo et al., 2001 ). The samples, by being put into transport containers, which include ice masses, were protected from external factors such as daylight and heat, and they were brought to the laboratory in this manner within the same day. While the samples of the sediments were kept frozen at -18°C till they are analysed, the samples of water were kept refrigerated at 10°C.
A.
B.
C. Figure 1 : The Acı Lake satellite image A (Google Earth), schematic map B and image C.
Heavy Metal Analysis in the Water Samples
First and foremost, to prevent cross-contamination, the materials that were used in the study were washed in water prepared with 0.69% HNO 3 and deionized water, and then they were dried in the drying oven. The samples of the water were poured through 100 mm blue band filter paper into a Falcon tube until a volume of 25 ml was reached. 
Data analysis
The statistical analysis programme SPSS 15 was used to carry out statistical calculations. One-way ANOVA post-hoc tests (Duncan) were used to determine the differences between seasons and stations in the samples of water and to determine the differences between tissues taken from the fish samples.
RESULTS AND DISCUSSION
According to the results of the analyses done in the water, without taking into consideration the difference of season and stations, the average values of heavy metal concentrations for Cr, Cu, and Ni were found to be 0.10; 0.11; and 0.13 mg l -1 respectively per year. Cd and Co metals were not found in any station in any season in this study. In the following tables, the seasonal station averages (Seasonal Averages, Tab. 1) and station annual averages (Stational Averages, Tab. 1) of the identified metals are given.
The following parameters are made use of in determining the quality of the lake's water: Cr, Cu and Ni were measured as heavy metals in this study. Although the value of these elements is higher in some months than others, as shown in figure 3 , on average these heavy metals were present at a concentration of approximately 0-0.2 mg/l. As compared with each other, every third metal is high at the same time. Each of them has different peak months. Quality regulations for potable water permit levels of Ni with Cr up to a maximum of 0.1 mg/l and Cu up to 1.3 mg/l. This value is slightly higher in surface waters of high quality (Yskyy, 2012) . Measured values of Cr under this limit are also close to the values of other metals, and close to the maximum limit. These findings indicate that the contamination of water in Acı Lake is not very great, indicating that heavy metal pollution is not a serious issue.
B.
C. The solubility of a number of gases such as oxygen changes with temperature. Acı Lake is subject to significant variations in temperature (Tab. 4). In the summer, where there are high temperatures, oxygen solubility decreases at the same time as increased biological activity causes the use of an enormous amount of oxygen especially in surface waters, sometimes leading to oxygen depletion. As a result of measurements performed in the Acı Lake, oxygen depletion has been identified during the period of highest temperature, in July (3rd station). The lowest temperature was measured at the third and fourth stations in December. Measurements could not be taken in January and February because the lake is completely frozen. The measured temperature range is necessary to maintain the aquatic ecosystem of the lake.
The hydrogen ion concentration is an important parameter for water resources. The range of hydrogen ion concentration suitable for biological life is quite narrow: a pH value between four to nine is required for the survival of life in the water. The majority of natural water is slightly alkaline due to carbonates and bicarbonates. The water sampled from Acı Lake falls in the neutral and very slightly alkaline pH range (pH seven to eight, Fig. 4) . In May and June (2005) both acidity and alkalinity are quite high. This situation in the neutral pH condition indicates that there is more mineral content as well as dissolved carbonate present, giving the water a high buffering capacity.
C. Aerobic microorganisms in water and other aquatic organisms produce energy by utilizing oxygen, and they need access to appropriate levels of oxygen in accessible formats, such as dissolved oxygen. In lake Acı dissolved oxygen (DO) values are less than one mg/l when sampled all months (Fig. 5) . This situation affects adversely the quality of the lake water. It must be present at least two mg/l dissolved oxygen for aerobic microbial activity. Chemical oxygen demand (COD) is one of the most important parameters to use for determining the degree of pollution of domestic and industrial waste water. Although biochemical oxidation occurs very fast in some organic matter, the amount of organic matter is measured as chemical (which may be oxidized in an acidic environment with dichromate) in chemical oxidation. COD is one of the most commonly used parameters in studying environmental pollution. The average domestic wastewater COD values are between 400-600 mg/l. The low level of DO indicates pollution in Acı Lake water. Therefore, high COD values are also expected, which is indeed observed in the samples (Fig. 6) , with samples indicating a high level of organic pollution in Acı Lake. Biochemical oxygen demand (BOD) is the amount of oxygen which necessary to stabilize the bacteria breaking down organic substances under aerobic conditions. Five-day BOD is the most frequently used parameter to identify organic contamination in waste water and surface water samples. BOD is based on aerobic oxidation and it a living test (bioassay) using organic nutrient substances and measuring the consumption of oxygen by mixed microorganism at 20°C. In domestic wastewater, the BOD/COD ratio is approximately 0.6-0.65. Despite its widespread use, there are some disadvantages of this method; it requires a bacterial vaccine for species with high levels of activity and which are accustomed to waste water, pre-treatment requirements for toxic wastewaters, a requirement for nitrification inhibition, only the biodegradable material can be measured, and it takes a long time in comparison with other tests. Although BOİ data could not be obtained for all samples, those values that were obtained indicate that the BOD/COD ratio is incompatible with domestic water (Fig. 7) . BOD values were observed to be quite low compared to COD. This is a sign that it is a bit different from the type of biodegradable organic material type. In this case, contamination is a more serious problem. Suspended or dissolved materials in natural water and waste water are called solids. Water containing a high percentage of solids is not used for drinking water or for industrial purposes. Based on the results reported already in this paper, a high value of the CDM is to be expected in Acı Lake water. It was determined from the acidity and alkalinity data that the amount of dissolved mineral and ions in the water is high. Accordingly, the total solid (TS) level is high. Total dissolved solids data are presented in the next section along with levels of sulphate and chloride values which are salinity indicators and may help explain the findings. Based on the geological structure of Acı Lake and the environment, it is to be expected that salinity and TSM are high. When figures 7 and 8 are evaluated together, it is seen that the total solids in the lake form a very small portion of the Total Suspended Solids (TSS). TSS values are an approximate value of domestic wastewater and this property is the result of the combination of the underlying geology of the lake, a travertine structure, and possible pollution status. In spring and autumn this value can be higher than in other seasons due to vertical mixing in lake water, eliminating stratification and evenly distributing TSS throughout the lake. Colloidal substances in water and suspended solids deposition create turbidity. It is measured by the turbid meter. Natural water is never as clear as pure water, because there are dissolved substances, microscopic creatures, suspended particles and so forth. Turbidity values of samples from Acı Lake are quite low, approximately in the range of 2-11 NTU (Fig. 10) . In line with previous findings, dissolved solids pollution seems to be higher than solid pollution. Oil and grease both have limited solubility in water and a tendency to leave the water phase, making these two types of substances important. The oil-grease is a parameter typically measured in wastewater and sewage treatment plants. Normally oil-grease is present in surface waters due to unexpected causes, and therefore it does not typically exist among the analyzed parameters in routine analysis. But, considering the levels of organic matter and mineral contaminants described in the above sections in Acı Lake, this parameter was evaluated for verification purposes. As shown in figure 11 , values of oil-grease vary from 630 mg/l to over 4,000 mg/l. Values of DO are low, generally have higher concentrations of organic substances especially that high in the months make strong judgment of wastewater pollution which is nondomestic origin. If there is no oxygen or nitrate in a rich environment, then anaerobic bacteria tend to dominate in breaking down organic substances. This typically produces sulfate ions and bacteria benefit from the oxygen that is produced in the process. Consequently, sulphate ions combine with hydrogen ions, creating hydrogen sulfide, a source of many problems such as corrosion and smell. Sulfate anion is one of the most common forms of sulfur in fresh waters, as it comes from sulphate-rich sediments eroded by rain. However, sulfate is not very common in surface water. The lack of a sufficient supply of sulphate in water inhibits phytoplankton growth, and therefore biological yield decreases. As shown in figure 12 the highest sulphate values in Acı Lake were observed in spring (March) and autumn (November). The maximum limit of sulphate in water for human consumption is 250 mg/l, so the results presented here indicate that the maximum measured values of sulfate is not surprising given the mineral content and the high amount of organic pollution. On the other hand, soluble sulphate depends on the structure of rocks in the region, which is known to contain rocks with permanent hardness components such as 2+ bivalent Ca and Mg ions. These are known to bind to ions such as sulfate and chloride, so an excess of sulfate indicates the presence of these compounds. Because chloride is readily soluble in water, there are often many chloride salts present in natural water. Chloride can also come from waste water. While concentrations higher than 250 mg/l chloride in drinking water is not allowed, chloride may be allowed up 2,000 mg/l in water used for other purposes. Chloride is closely related to salinity and electrical conductivity. As the chloride concentration increases, these other parameters will also increase. High levels of salinity in water resources used for potable water are not ideal, because treatment is costly. Chloride values in Acı Lake are high, with the highest value measured in March 2005, as 2.9*105 mg/l (Fig. 13) . All chloride values were over 2,000 mg/l in the period studied. The average chloride value was 55,000 mg/l. This situation of excess salinity is in line with the region's underlying geological structure and mineral content. While supporting the existence of pollution, it also points to the permanent hardness components of the water from the rocks.
The water hardness occurs largely as the result of contact with soil and rocks. Hard water has several drawbacks: hard water requires much soap usage by preventing the soap foaming and it leads to the formation of scales on the inner walls of pipes at high temperatures. When it comes to the total hardness of water, this is influenced by a number of alkaline earth ions in water, and also strontium and barium ions. Water is considered "hard" when it contains over 300 mg/l CaCO 3 . Hardness is regarded as the most important component of the Ca ions when considering rock structures. C hardness and total hardness were measured separately to determine how much of the hardness in Acı Lake is the result of Ca in samples. It was found that Ca varied from 11,000 mg/l CaCO 3 up to 41,000 mg/l CaCO 3 with an average value of 24,000 mg/l CaCO 3 and a maximum value of 94,000 mg/l CaCO 3 (Fig. 13) . The most important result from measuring this parameter is that although the lake water is very hard, the majority of the hardness is not from Ca, except in the months of May and June. Concentrations of strontium, an ion which also causes hardness, are also present in high concentrations. When given the above data on acidity and alkalinity, it becomes clear that water hardness in lake Aci is caused evenly by both carbonate hardness (temporary hardness caused by Ca) and non-carbonate hardness (permanent hardness caused by an excess of chloride and sulphate forms).
B. Many of the nutrients involved in water pollution, especially nitrogenous substances, are priority pollutants. Nitrogen has a natural circulation in water sources, in the atmosphere, in plants and animals, and it forms different compounds. It is a nutrient material which is necessary for the survival and reproduction of almost all living cells. Nitrogen with phosphorus is very important as a food (nutrient) source in microbiological and algal growth in water sources. Algal growth can occur undesirably in water supplies contaminated with excess nutrients. Three types of water-soluble nitrogen, namely ammonium, nitrate and nitrite, have environmental importance. Nitrite (NO 2 ), because it is a temporary phase ion, is often minimally present in water. Nitrate (NO 3 ) has been the most researched of the nitrogen forms, yet it is one of the most difficult ions to measure. Nitrogen species indicate both the presence of contamination and whether it is recent or old pollution. When wastewater is newly discharged, organic nitrogen is most common. Over time, this turns into first ammonia nitrogen, and then if the environment remains aerobic, into nitrite, then into nitrate. This transformation is achieved by autotrophic bacteria using DO in the environment, which causes the DO concentration to decrease. Ammoniacal nitrogen values are relatively high compared to the concentration of nitrate in Acı Lake (Figs. 14a-b) . Hence, the results obtained indicate that the pollution of the lake is new, because otherwise anoxic conditions in the lake would predominate (DO to be close to zero), and denitrification would take place efficiently.
Total phosphorus found was high (TP) only in March (2005) . At other times it was very low (Fig. 15C) . Because many of the other parameters were also significantly higher in the same month, in March 2005, this indicates the possibility of an immediate discharge of waste water into Acı Lake. The highest TP is about 2.5 mg/l, but the average was observed between 0-0.5 mg/l. When compared with nitrogen data, to prevent an increase in the level of algal growth, there needs to be an adequate level of TPI. Chlorophyll A values are generally low, peaking in October 2005 (Fig. 15D ). This can be explained by algal blooms occurring in the autumn. In contrast, the lake is not very rich in algal biomass. These results indicate that at present, there is no case of eutrophication but that there is a risk of it in the future.
CONCLUSIONS
Temperatures in Acı Lake fall within a suitable temperature range to maintain the vibrant life of aquatic systems. Both acidity and alkalinity are quite high. With a neutral pH, this situation indicates that water soluble carbonates, as well as the mineral content, are high in concentration, indicating a high buffering capacity of the water. It is seen that the TSS forms only a small portion of the total solids. TSS values are approximately the same value as domestic wastewater and it confirms that there are pollution problems in the lake. Turbidity values of samples from Acı Lake are low, approximately in the range of 2-11 NTU. Solid analysis confirms that pollution is present.
Measured values of chloride and sulphate are in line with the other observations of excess mineral content and support the presence of contamination. However, the underlying geology of the region, consisting of soluble rocks in natural waters, are also important in understanding the measures of permanent hardness of the lake water, and depends on which Ca and Mg 2+ ion valences are formed with sulphate and chloride ions. High levels of sulphate ions indicate to the presence of these compounds. Having extremely high level of hardness in water samples supports this finding. When acidity and alkalinity are assessed with other measures of water quality, it indicates that Lake Aci experiences both carbonate hardness (temporary hardness) and non-carbonate hardness (permanent hardness) from high levels of chloride and sulphate.
A. Dissolved Oxygen values are less than one mg/l when sampled across all months. This situation adversely affects the quality of the lake water. DO must be present in concentrations of at least two mg/l dissolved oxygen for aerobic microbial activity to take place. On the other hand, samples indicate quite high COD levels above the average 400-600 mg/l permitted in domestic waste water -indicating organic pollution in Acı Lake. There were very low BOD values observed compared to COD. This indicates that the type of biodegradable organic matter is slightly unusual, and may indicate a more serious problem. Normally oil-grease is not expected in surface waters, and does not form part of routine water quality analyses. But, considering the organic matter and mineral contaminants as described in the above sections in Acı Lake, this parameter was evaluated for verification purposes. Values of DO are low, and generally reflect higher concentrations of organic substances, strongly suggestive of wastewater pollution which has a non-domestic origin. Ammoniacal nitrogen values are relatively high compared to the nitrate nitrogen in Acı Lake (15A-B) . Hence, results were obtained that the pollution of the lake is new or anoxic conditions in the lake (DO to be close to zero), denitrification takes place in an efficient manner. In the other direction it was not very rich algal biomass lake. At present, there is no case of eutrophication but there is a high potential of it occurring in the future without remediation of the existing water quality and management.
There are several options for the future management of lake Acı, notably the need for afforestation, not only to control the erosion there, but also to provide shelter, reproduction opportunities and nourishment possibilities to the members of that particular area's fauna. Thus, it is recommended that suitable bushes and trees are planted in the area, to reduce the risk of pollution.
